Severe sex-linked muscular dystrophy is a condition for which it would be most valuable to have a reliable test to identify carrier women. A young woman who has seen two brothers die of the disease is naturally anxious to know the risk that she may have affected sons; one in two such women are not carriers and if identifiable could be reassured. Probably one in three women who have one son with the disease but no other affected male relative do not carry the gene, and, if identifiable, could be reassured that they were unlikely to have a second affected son or a carrier daughter.
Claims that the level of serum aldolase is helpful in the detection of carrier women (Schapira et al., 1960; Chung et al., 1960 ; Hughes, 1962a) have, unfortunately, not been confirmed (Leyburn et al., 1961 ; Clayton et al., 1963) . However, Schapira et al. (1960) also reported high levels of creatine kinase (adenosine triphosphate creatine phosphotransferase) in 8 out of 19 carriers of the gene for severe sex-linked muscular dystrophy. This enzyme is found only in muscle and nerve tissue and so high levels are not produced by red-cell haemolysis in vitro or by liver disease, both of which result in a raised level of serum aldolase. Aebi et al. (1961-2) in Switzerland, and Hughes (1962a) reported more encouraging results with creatine kinase. Hughes found that six out of seven women known to carry the gene for severe sex-linked muscular dystrophy had raised levels, and the Swiss workers (Richterich et al., 1963) also found that six out of seven known carriers had high levels. More recently Pearce et al. (1964b) found that five out of seven known carriers and 17 out of 35 possible carriers had high levels by their standards.
We now report a series which indicates that, taking the mean of three separate estimations, about 90% of heterozygotes for the gene for the severe sex-linked form have an enzyme level higher than that reached by all but 10 % of controls ; also that a substantial proportion of heterozygotes for the mild (Becker) type of sex-linked dystrophy may be detected.
Method
The reaction-creatine phosphate + ADPI.'creatine + AT? -is a linear function of creatine kinase activity except for serum in which the level of creatine kinase is very high (above about 14 units). The forward reaction proceeds 10 times faster than the backward, and so methods using it are to be preferred. The creatine formed by the forward reaction was estimated by Hughes's (1962b) modification of the method of Dreyfus and Schapira (1961) on serum from capillary blood. There was no significant difference in levels of the enzyme in serum and plasma, but the latter was apt to deposit fibrin clots on deep freezing. All results are expressed in units which are ttM creatine per ml. serum per hour at 370 C.; the conversion factor to " international units " is 16.67.
The serum creatine kinase levels were found to be unaffected by deep freezing or by standing at room temperature for 24 hours. Specimens were stored at -25°C. and the enzyme level was estimated within six weeks of collection, as Hughes (1962b) observed a decrease in activity after eight weeks' storage. A significant decrease in enzyme activity was found in grossly haemolysed serum, presumably due to dilution of the enzyme by the contents of red blood cells, and such specimens should not be used.
Natural Variation in Creatine Kinase Level in Females
Variation in Single Individuals. -Pearce et al. (1964a) found no variation in enzyme levels after the ingestion of a heavy meal, or with menstruation, or with pregnancy, or after moderate exercise. We, too, found no variation with menstruation or moderate exercise, and no variation with the time of day at which the specimen was collected. The variations found in individual women on different days (at intervals ranging from a week to four months) may be seen in Tables III, IV , V, and VI. The effect of moderate exercise (a brisk four-mile (6.5-km.) walk) was tested on eight subjects, and the absence of any significant increase is shown in Table I . Severe or prolonged exercise can cause a marked rise in enzyme level (Richterich et al., 1963; Griffiths, personal communication) . 1-1
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Variation with Age of Subjects.- Griffiths (1964) found no difference between the levels in adults and children, though the level was raised in the neonatal period. We, too, found no significant difference between the levels in girls and adult women, nor, within the adult group, between young, middleaged, and elderly women. The mean enzyme levels on a single specimen in 15 girls aged 1-15, in 39 women aged 18-29, in 12 women aged 30-59, and 10 women aged over 60 are shown in Table II ; none of them had a relative affected by muscular dystrophy. The distribution of levels in a first single specimen for the 61 women aged 18 and over is shown in Fig. 1 . The lowest value found was 0.5, the highest 3.6, and the next highest 2.2. The value of 3.6 was exceptional, but this woman gave values of 1.8 and 2.5 on other days. The mean level was 1.29 and the standard deviation 0.50. The distribution was not normal, but was skewed to the right. The logarithms of the levels have a more normal distribution. The theoretical range of 0.59 to 2.48 units estimated from the mean, 0.083 (1.21 units), and standard deviation, 0.05 6, of the logarithms of the enzyme levels was more realistic than the range 0.29 to 2.29 calculated from the actual levels.
Comparison of Creatine Kinase Levels in Women Heterozygous for Genes for Muscular Dystrophy and Controls Comparison of control women and those known to be heterozygous for genes for muscular dystrophy was made on three specimens, collected on different days, from each woman so as to minimize the effect of daily variations.
The findings in 21 control adult women are shown in Table  III With in overall mean of 1.31 and standard deviations 0.44 using logarithms, the mean was 0.102 (1.26 units), and standard deviation 0.127, giving a range of 0.70 to 2.27 units.
The findings in 17 women, all adults, known to be heterozygous for the gene for severe sex-linked muscular dystrophy are shown in Table IV and Fig. 2 . The evidence that these women are heterozygotes is given in the right-hand zolumn of Table IV and in Fig. 3 Table V and Fig. 2 , with corresponding genetic details in Table V and Fig. 3 . The overall mean was 3.50 and standard deviation 2.51 ; using logarithms, the range was 0.79 to 10.59 units. The two girls (aged 9 and 6 years) had the highest (9.5 units) and the third lowest (1.5 units) levels respectively. The findings in five women heterozygous for the gene for autosomal recessive muscular dystrophy (with childhood onset) are shown in Table VI and Fig. 2 . The overall mean was 2.03 and standard deviation 0.85 ; using logarithms, the range was 0.92 to 3.20 units. 
Discussion
Only one of the 21 control women had a mean enzyme level, on three specimens, of more than 2 units. Only one of 17 carriers of the gene for severe sex-linked muscular dystrophy had a mean level, on three specimens, of less than 2 units. Using the logarithms of the enzyme levels and assuming normal distributions, the level which discriminates best between the two groups is 1.92 units. This is 1.44 standard deviations from each of the two means of the logarithms of the levels, so that less than 10 % of control women will be expected to have a level higher than 1.9 units, and less than 10 % of carrier women will be expected to have a level lower than 1.9 units. Both means and standard deviations may alter somewhat as more controls and carriers are tested ; but it is probable that the proportion of correct classification as carrier or non-carrier by creatine kinase levels on three separate specimens will remain of the order of 90%. For work of this kind it is desirable that each laboratory should establish its own distributions for controls and carriers.
At a more sophisticated level the distributions may be used to help estimate the relative probability that a particular woman is or is not a hetero- BRITisH   753 probability of about 10 to 1 that the woman is not a heterozygote, and, combining the genetic and the biochemical information, the total relative probability is still about 10 to 1 that she is not a carrier. If such a young woman has a serum level of 2.5 units (logarithm 0.40) this is higher than that found in all but about 2 % of controls, and about 20 % of carriers have lower levels, so that the combined relative probability is about 10 to 1 that she is a heterozygote. If the genetic probability had not been 1 to 1 but 3 to 1 against the woman being a heterozygote, then enzyme levels of 1.5 units and 2.5 units would give, respectively, combined relative probabilities of about 30 to 1 against and about 3 to 1 in favour of her being a heterozygote. A young woman taken at random from the population and with no relative with muscular dystrophy would have a genetic probability of only about 1 in 5,000 of being a carrier. So even if her enzyme level was 2.5 units, the total relative probability would still be about 500 to 1 against her being a carrier.
The number of women heterozygous for the genes for the mild sex-linked and autosomal recessive types who have been tested for creatine kinase levels is too small to establish reliable means and ranges. However, it is interesting that, though the mild sex-linked variety is clinically less severe than the autosomal recessive form, the enzyme levels of the carriers of the gene for the sex-linked form do not differ significantly from the levels in the carriers of the severe sex-linked form ; while levels in the carriers of the gene for the autosomal form do not differ significantly from those in controls. This is intelligible on the Lyon hypothesis that, in women heterozygous for mutant genes on the X-chromosome, many cells will have as the active X-chromosome the one which carries the mutant gene.
Summary
Serum creatine kinase levels, using the method of Hughes, were measured on three separate occasions on 21 control women, 17 women heterozygous for the gene for severe sex-linked muscular dystrophy, five women and two girls heterozygous for the gene for the mild sex-linked form, and five women heterozygous for the gene for the autosomal recessive form. The mean level in the control women was 1.31 units (uM creatine per ml. serum per hour at 370 C.) and for the women heterozygous for the gene for severe sex-linked muscular dystrophy 4.02 units.
Using the logarithms of the enzyme levels to give more normal distributions the range for controls was 0.70 to 2.27 units and the range for heterozygotes for the gene for the sexlinked form was 1.50 to 8.93 units. About 90% of controls will have a mean level below 1.9 units and about 90 % of heterozygotes will have a mean level above 1.9 units. The distribution of the logarithms of the enzyme levels may be used in combination with the available genetic information to estimate the relative probability that a woman is or is not a heterozygote. For example, assuming normal distributions of the logarithms of the levels, below a level of 1.5 units the relative probability, from the enzyme level, was more than 10 to 1 that the woman was not a heterozygote; above 2.5 units it was more than 10 to 1 that the woman was a heterozygote.
In the small series of women heterozygous for the mild sexlinked and autosomal recessive forms the creatine kinase levels in the former did not differ significantly from those in the severe sex-linked form, and creatine kinase levels in the latter did not differ significantly from those in the controls.
